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Abstract 



In a delay-power-source-coefficient determining step, a drain saturation current in a P-channel 
MOSFET is calculated on the basis of specified operating power-source voltage data and of 
saturation-current parameters such as the mobility of carriers and the thickness of a gate oxide film 
based on said specified operating power-source voltage data. Thereafter, a ratio of a drain saturation 
current in the P-channel MOSFET when a reference power-source voltage is applied thereto to the 
drain saturation current in the P-channel MOSFET when an operating power-source voltage is applied 
thereto, thereby determining a delay power-source coefficient. Next, in an effective-delay calculating 
step, effective-delay calculating means multiplies a delay time when the reference power-source 
voltage calculated by the delay calculating means is applied thereto by the delay power-source 
coefficient calculated by delay-power-source-coefficient determining means to determine a delay time 
at the operating power-source voltage. 
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cox : y- hw{£m<7>#m.m%$>ti o ?>«fi 
w -.y-hm 

l : y- h^fe 

Vt : MOSFET«DL£V»ffiSff 

OS F ETTiiJ: <tt^ixTV^ i a (C2T'&&. 
[00 52] ffltlf. 0. 5jtimCMOS7D-b 

i±, y—v ■ y-x©SiEvgs. Fi>-f y • v-xmm 

ffVds&l/mSimffVdd £3*1=3.- 3Vtg^-&^- 
(2, Nf-^^;HMO.S FET<7)J§St«* ? l - .1*»£>1. 
•2'fSr 0 , Pf^^HMOSFETWMaJiPl. 5*> 

■fe i . 6 1 tnh ;■ «i®«svdd*^< & h t . m®. a i± 

[ 0 0 5 3 1 K W >-^fnmSg I elsc9«SSmE&#tt$r 
Pft^l/MOSFETtNf+^/HWOSFETtt 

.•E.TeO****** v£ i . fife--, ^ H 1 2fctf 12 2 

Hfnmgii i dsp t=2tr&*i®«EEVdd<7)Jt ( Vdd/ 1 ds 

p :) mm-®? hzt *wmx* - >■ - 
,c o o 5 4 ]• mmm& [»4-] 

i.*;. a0Mft4-'fc.tu*4r *fi&*ntt8S[ i <fe;:MO sfe 

-5j.ic^fsm^-^i-c*wi.'fc*<r§.si • 
[00 5 5] ? '■;.-•.. • ;; • 

• [ft5] •• • • ■ 

td-TdO- Vddi - I dsp() 
. VddO I.dspi 

.■ - Td0 , y ddi (v<MQ-vt)?° ,; 

- •Vdd0" (v<u ._ vt) ai 1 
- sTdb'KvC Vddi) 

[00 5 6];;t, vddo iim^m^im^m mt 

■t: I dspOiia^€®^EVddO CDk # <9 P f-v *;HVI 

0 S F E T«D KV -Y U TdWiS^S 

iimsvddo k Lxxfttzmmms&cmmmmmzmb 

U aO (iaiP^mffiVddO <nk %<F>YV4 >mo^ 
^CO^a^mh-T. IdspiliimSffVddi c9fc#«9 
P ^+ */HMO SFETOHW >6&*a^S5£3<;b L , 
ai tiHiSmffiVddi £7)fc#tf>KWyfi£fn«sSIdsi 

[0057] -I^ftSfc* [Ut 5 ] *W X o fc % ssn- 
WT*i6^^ai@fflTdOH, «iI€ffiVddi ijg&a 

1 fccOW$£*-fS®«©S&Kv (Vddi ) £3rf|> 

lici^ s^masmsvddo fc^s«is®Evdd 



[0058] WT. *&WV>mi<7i 

mtmmz mmizm-iuzmm-t h . 
[0059] m3ii&mi<?>m i <Dmsmmizmi>im 

[0060] £t\ 0 3 ic^r i ate. f^iigBofi^ 

%ffittm<?>®$&cr>y-bu^)i><?)i$mmT$>&® 
ti,- a^massavddOT'ttai^^-fe/i^s^^v 

[0061] fi#iaR«iaiSSO'l fefctiTl 

x-f i 2&x/®mmm\m i. 3 - fi-f:/- Krt 

10 0 6 2 ] JfctJ HSWHS O 2 fcfetiTi 

itittiai-Dg-s o i izte^T.mttiztifcmmimihW& 
t £ « v mvmrn. t %&mm®E&(mmnmmE 

VddO fc«tt4jffi©*HS;IMW-*^.-: . .. 

[oo 6.3 ] mz. mmnmtf&Vi&jj&s o 3tzt>^ 
? 1 5. <=vddi ) tsmfecomftmMwmT-f i 5 

-X— ^ l-6Srt,tt-LTv Pft^MOS FETOH- 

i^-f yfflamm. idspiSri+^L^^. s^«jsmEVdd 

0 cot^cop^-v^/nviosFEToh'u-f ymom^. 

1 dspOt «0Jt<7)ffl*fi-SLTSS^«j®ajEEVddi (cfcff 
SaSmfii&Kv ( VddL ) ... 

[ 0 0 6 4 ] <KK. H^agH-^Xg S 0 4 ICte^T . 

m&mimn^m±: ttsse [ft5] ^-ri die a 
m§tn^mz£*).niiiztvt;mmm®mmvd<io iznn 
zw&Bmt, ^mmm&&^®<rzji><)niis2titz 
wwmmm&Kv (vddi > t^st^efctioa^ 
^M^EVddi iz&v&smm3*m%.-t&. 
[oo65] m4iimmm : mmi&fcms o 3 
i,tzstm.yu-x'hh. S4ti3^-c. pf-^^.;nwo 

SFETOKW >mm& I dspi trSffi-fS tf>£fr^ 
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i tfmmtlTV U-f VS&ft^cS I dspi#ftSg3 
[0066] . i&ffm®Sff^XgS 3 1 ICiJV^ 
tgig^ffi Vddi £ ftffi L*:8L mSc^SXg S 3 2 Kfc 

v^x. a^maimEvddi &£>a>ty>tS5g$ft*m 

iKSffiVddO . Vddl . Vdd2 . Vddn-1 . Vddn 
(ffib, n Ji2m±^S:i:fS. ) Ok'OSBKK-f 
**^fJ^LT; ; »f^®mffVddi fcfcft&tiifcai 

[00 6 7] KlW i^ftmSufeE-OSS 3 3 A 

[0068] mz. mmmmmmifcxns 3 a tc±>v> 

T. SiPSiSttJEVddO (CjPf-TSVddi <Ojfctf)<re£>& 
-.Vddi XVddO ) :fc JlW|stta«EEV' 

ddi izmt& v ymom^ i ds P i iz*t-?&:mmm 

T*&««flaS-(^atJapO><-rdspl.): SIWLfta, « 

ddi -iz&iizmmmm&WKvivm). 

[ 0-0 6 9 ] Bl^aimBEVddi ifcfcjgttfi fco 

[ 0 .070] iDj: 3 C ■ mfFOMMB. Vddi k BSf^m 
igBEVddi tZ±Jftl>^SS:a.i k^ra<SSr*^.l>C:k<?5 

h £ fctf-p* - •>•= .. • : ■-: • ; • 

[ 0 0 7 1 ] tt: : mi¥mmmmvddi izm-& yva 
a. r\y< yffitomm. idspi .«wi:3-&siBfcM»fw 

jH«jEVddi tftfkai tC0.2pcr>MZ^^tb. fitf 

STCS-^36«S«1^«SBftfea«T#..*c: k -c*> & . 
[ o 0 7 2 ] a 5 «±i&#m«ffvddi k. f >ma 

«z£Idspi«OK^*^M®«M^Ky -.(Vddi ) Sr 
SitS^u-^L-C^S. Wron- 
gs [«6] [S7] tc^-ridtc. *I*'J7* 
fr-T*&i*-9 U-ttfcJ: - 9iB§RSftfcS P I C E h 
7>y^?tf/l'B.S I M3 v e r 2 cOflSfoStcS-^ 
Th'H VgkfnSSS I dspi £ LT I . 

[00 7 3] 

[&6] 

Idspi=W- Cox- vsat-(Vddi- Vt-Abulk- Vdsat) 
[0074] 
[£St7] 

Vdsat= Esaf L V*U-Vt 

Esat- L + Vddi-Vt 



[0075] #££t£iFT. 

[0076] vsat : *\ VT<om%im& 
W : MOSFETc7)y-h$i 
L :MOSFEW-bft. . 
Cox : ^-hK-fi^WaffiWS* 1 ?^* 
vdsat : h w >^^*^*rts •."/ -X@<?) 

Abulk : £«Siif£&*SilS: (SP ICE^7^^« 

fc*ms*i*:«R> • . . v- - 

Esat : * -v 'J Tj£g#gfrfiJ-£.& BMMEff-'-C SPICE 
[ 0 0 7 7 ] S 5 izjjk-ti. 0 tC; 

«a.. tf-, i6f^«a§mffi^xgs3 itcfe\>^T..H 

3^-raft^j®^E^^:l 5*^mSiOi6^«^ 
Vddi : S: fSHJ L^z^c : K-W-' >-^»SSE^^lS S 3 ' 
3 Btcfcl^. ®»«SSv\'7^-^ 1 6 kfhfl^ [St 
6 ] [S7 ] ^oT, l!)^mJS®SVddi tc*5(t 

[ 0 0 7 8 ] Ut^O0lS{iia4 (C^ t^iffifliaS^S^ 

^iss.3.4 k [^«T f J>§ ;• ^'V^- 
[ 0 0 7 9] feLbSiBB bfc J:-d=*:v2t^Q«e!Bfc:-J:. - i -v: 
k. lM^-ffi^Vdai--:k'.P^.*»*^MO , S,-F:.E.-T.^):.K- 
W ^fgflimSJ Idspi kWP^Sr^-S CI t<0*tc i ;-• 

nK.{m&z®%izw.&-t2, z k ^.t-# -s, . . . 

[0080] t*J..-*HJS»ffi«i. ^>^->'-feyU5: 

/D7?.:TSntt J: v •>„. ; . r. • ■= •• 

[0081] ( m 2 nmtmm > ixr. ^m<m-2 <r> 

[00 8 2] 06Ji*^cO^2 Oltffim^^Slta '■' 
0S5coaSff-*^S^a@tf»^W*k L; S=5rS1tSc 

vddi Tttfrrsniffi^o 7?50ai; nmmfttm 

^§ns^^i^B#mj®«EVddi AOt^v^ 
Oi6ft^iS®IVdd2Tt!l^-raia3[i6^IIIf87*n -/ 9 

5 o b k . <g?H®m**w$^-s^s i c^i&^m^ 

^iEVddl J; 0 t,iSV^3c7)firf^«iii«JEVdd3 T-16# 

-r«.©jHa^*iiiiS7'n.y^50ck: mwiusso^ 

^Siijf3aga-C^^^^4£7)ll)^«j®€JEVdd4 -cb&# 
fSAtil^IlISIfT'o -y 9 5 0 d k IZi. "jaiJftSflTVv 

[0083] H7{i^BBc7)m20*Sg®ffi^^Si&a 
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a, 50b, 50c, 5 0<UzttLXM7i=>v7ZtlZ 
Kir-? 17k. ISmg&rn - y ^®jf^S®Ex-^ 1 

y*-?i6t. mmammi 3 tzi>t icltess 
yD-y^ri:(7)fflffimai«scKv : ^sn^rrs. .- 
[0085] -<jcfc, mfiem 1 wmmsm t mmiz. sea 

uac c»5] *-ffl'v»rasje3*ifc4Hi3E«mMkKv * 

fflvvt . JMMSIK5 OcOElS&^t? -y t (r>M&B$m£ 

[0086] 0 iz* mm^ss 5 0 i,zm%him.<?> 

9 1-4 zm^x&mf&rimbmmitnjimsoAiz&vy 
x&mi^mnmzmtt:Mmmm<7)MTEi>H'Z a* . 

5^-4*ffla*S«HW-*i-fc 6'.- • ■ 
[ 0 0 8 7 i dfi9J; d-te^.^^qRSt^JBac^'S'^iM^O 

1. 4SrfflV vf ^fcfl^MBSfc*HJ-*i.£ fctfT* & . 

[ o o 8 8] cm 3<r>mmm wt, :*m&m 3 ^ 
mtmmzmmizm^ ^xmm-r s .■ 

[0089] vvc . ««Hl^fc»tS* 

[0090 ] 082rfflV>T VDDtS&t/VS Sii 

[00911 HSC. n <{HU niil J»±*»Wfcfc-r 
m*t>%ZVDD&%.1fVSS®(7)-ZiX-?tUZm 

m (fit. m{iitJLh«osgcfc-rs. ) <F>w8rru»,7 
&mwt2tix^&mm®&£%jLz>. ms^m-xd 

(C. mfflcOl£]SSyn y^*<n^ (n = 2) OVDDJSlg. 

mmm&#im®!&(?>mw3® : ?tzmn2tix}5 t ) . m <i 
^m§&yo y ttrnwim* ^tt^ixmm^ixx^ 

h. @B7d^ 1 . mcO«.T%rft'»m^{i I i 
<{IU i =1 . 2, d-1 . n coSSt-TS. ) T* 



[0092] 09«08lc^cr»«08&<O3l 1 

KSr^t>UTJ30, pus. my? \<wmim&m 

II (ill /2<7>mSES* { 20M3Wc«^£;ft/C^6£ 

[ 0 0 9 3 ] 0 1 Of±08t3*-f JfMf 08&£&kfgB&tt 
U Si!l^5-l«i:L3tm2^.fi5IlIS&T'S)S. 
IScOSiiJt^&fSB&fcU *ai0KBC4iV->T»4< 312 

co^fffiiuss £ v d d mat v s s mnwmmz a s a 
ffl$TS£fttrr xvwt-rs . n 1 o tc^ns 

2«3^E»*rfflV>T^,«a»»/»ift6itV»V-DD|ft^* 

um tsru-at-ra. 

[0 0 94] 08^-risliSyo y^ 1 . mtCtJtt 
■S VDDJS^yr-'KiO^Vl V2 , . -■■ Vm.-.tCS*f 

msi&mmmmfrtiz. . .. •■; 

[0 0 95] ,'• ■• • - - : 



. . -,R n R'.-.-- 



VI- V2 



R 



22 + V2-V3 



R. 



(2) 



R iTt, R. "^-D 



Va-l-Vn la, 



R 



n 



[0 0 96 ] * (1).< ^,( : 2 >:.-•••■. (m-1 ) V 
(m).<7)^:5ail±a.^ffl|si±2:^iimini.3t^ 
VDD^<?D^mc0y-K^)fl:fiVni tCOV^T«< t \. W 
TC*rfmc* [«9 ] $:ff-&. •■ , 

[00 97] • ■ . 

[SC9] • 

Ik . 
n 



Vm=VddO-R • Zk •- 
k=l 



[0098] I5I2COV D DUcOglmcoy— HcTjafflVm 

tnmst, mT^-rtt« mi o] $r»s. ■ 

[0099] 
[fUO] 

Ik • 

k=l n 



Ut=R 
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[oioo] vd Dfg<omffl$TS<3. smwmwzv 

ddO t VDDtg<0^mtOy-K^CiVB fctfDg ( Vdd 
0 -Vn ) TflfcSil^. VSS®tf>*gfctl$T 
ilM) ilivss<7)Sm«y-K«ftUii TSi;b$ 
Cl«02ot7)fO^VDD|gStXVSS^«ff|^T 

opJiiaT^-ftffl^ CS1 1 ] k&6. 
[0101] ' ' 

im 1 1 - 

Vdrop=(VddO- Vn) h-Ub- 
= 2R • Ek'r— . . 

' ' o "' Lb- r'k 

w k=l n 

[o i o 2] s-assro-y? i . — . mizmmtzwimz 

«ec**k aTteisttmr* e»i 2-]-<oj?3.fc*b 
?<x^ • -< • ■ - 

[0 10 3] -.V -. u 

TRl 2] - ■ ^, 

Vddeff = VddO- 2 p s • 4r ' Vk ■'— 
W k-1 n 

[o i 04]*t-. mm<&im®ffiZMizmtf. m% 
mmms. vddeff <Dwmmm^mt. 

[0105] "HI 1 ( a )^i9ammSVddeff ^e? 

fcLtSfitco^^^LT^S. HI .1 (a) C^-fJ: 
dt.. flSlfl5V-DD*SHf5 1fcttBl-OVDbai5 5fe» 
USSiT;, 3g2coyDD3g^52tiSS2?)VDDfg5 6K 
*g$££*U ^ 1 <0.V S SS^f 5 3{3m 1 «0V SS85 7 
iZt&mZtl. Sfl2<7>VSSi^5 4kiS?S2?>V.SSi£|5 
8t:i»KS<iT^*". SSlO0f87 r D-y^6 1 , i2« 
y ? 6 2 « ^3cOE!»7'o y ? 6 3&tfH4c9 
@8&7 r D y^6 4<il^l^VDDia5 5. 5l2c7)VDD 

&56. m«VSS&57K.tf®2e9VSStg58l;: 
[0106)11 1 (a) (C^jrr*St[gS&<±. 08 IZff; 

•rmmmmza^x, ttioi9H7'n<y? > 6 u §52eo 

(Hlffiyo y ? 6 2 „ m3cOH]8S7'o y^ 6 3^^460 
@S&7'0-y^6 4040<7)io]S57'D-y^ t % 22?05VD 

SSSSO#etg^5mm-C. S-VDDt&SU/VS S& 

ttfe?LH. ZK. mil (a) KijrrJMSigg&li. Jfl 
1OTDDS5 5a^2^VDDgL5 6MlX^l«0 



V S SH5 0)V S SJg 5 80#~>- hSClP 

[ 0 1 0 7 ] I2K 1 1 (b) (C^-r*«0SS<i, I2d 1 1 

<a> izip-timmftemfim&zmhL-t: *>o . mi 

<OlslH7D7^6 1. gS2£)[!IS8:/'n.y7 6 2\ 8S3c7) 
lelSST'n ••/ 9 6 3&T/SS4 :/o -y ? 6 4 (c-eft-P 
fT-SilSTi^MgSSSSr I6U I 62. 1 63&1/M 64fc-t 

[0 1 08] 01 2(iVDD^a^V.SSjgtfDffi||itgW 

t.Bll (b) (C^«-HISS7'n.y^6.1 :, 6 2, 6 
3, 6 4£0-?-n-?-'^<7) i F%mmSE16U .162. I63& 

w 1 6Ai)mzmL^tiR^vtzm^zii^h t st**./ 

[SCI 2:] Srffl^TH^agm Vddeff £Jf*Lfcff- 
JMjyRT**-: 112tiJt^ .l'7:i A{±7i»m^s 
5mA«SM .17 2 Altimm.^ 1 0 mA<7)*lr£- 
Sr. 1 7 3 Aliffi^SStfl 5mAc7)i§£-£. 7 
4 A{±ifi«mSE3^2 0 mA<Dm&£%K?ttmiiLK\>, 
h. •>-•:*•> -v , ••• •: ' . , .■■->•-. 

[ o l 059 1 II l 3tiVD Dlgat^v s SilSuoie 

011 ( b ) £ijcf#H]S&y.O>y 6 1 . . 6 2 . • 
6 3, 6-4^4-PcOHieiiO i P^»»m»£l61- 162;- I 

63at^ i uimzm L^tm.feL tzm&iz&tfz tf»^ 

St?»5..Hl 31Z&UT. 17 1 Bitimmm { 5m 
A<?)*%&£ < 1 7 2 B iiffimmfi&tf 1 0 m A<7)^-$r . 
1 7 3 B liimm%L& 1 5 mA^J . St/ 17 4 B; 

[Oil 0 ] -ftfl^WIOBBii ttff^ ■[•»! -'23 '* 
fflV^T^ftmiSmE Vddeff Pf-v ^UM 

o s f e T<?> y >mawfo* M-tti-tmn^ m 

4 ] w- h • v-^wms-Vis^zmmsmmmsyM 
eff *fcx.L; wmmzmrt-hsm& c*- 

5 ] *fflV» -C , aS^S^ffl^ffi ( -Kv ( Vdd > > ■ * 
[0111 ] S!*<?)mWllII8cOIlIKiSt1-tfcV^-C(i • m 

amss<om^«jEVD Dat/«ta«sv s s(±s«m 
an$ns«j®«sii-?-nmmjisffvD Dm/mm. 

fcvssizmL^tZtiXZti. 
[0 112] LfrLZtfb, mtti, ©HiH3 0jum<7> 
V DDHSJ/V S S^t^%?g®ffl;g£ 1 0 m A<7)|II8&# 
4 0}gg!$^^lC«. 01 2tCfc(tSft^l 7 2 A 
(C^-T <fc P lZ . VDD il&tX V S S 88<7>mff ^ftftSOW 
J±mi!l«ffiVDD5:3. 3VtUI50. 2VOl$Tfc 
Sr6. 4fc. 01 3tCfclt-g.flSll 7 2Bfcijcf«t5 

i)<l 0 OMH ziyji<7)iS5li!i#^^$-ti-J: ot-fh® 
Tg»mS* < ^<5T'5.!t* , >« VDDMWSS 
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[0 1 13] £f>£, 0. 5ximCMOSro-fe^(7) 
am&nf vd DURtfv s s&om^l&a 1 ;*: 

[oii4]0i 4ii#?tty<vm3<nmtmmtz<&h . 
mmmmz&vz, v d Disst/v s sn^sff^usr^ 

; [0 11 5] Hl4fc^t-J:3C;>'f7- , »fr-^ 1 
^-^HjDi.T V D DUS&tf V S SHfiOlSfi|£j|gtif?8£ 

[ 0,1 1 6] igiT-.- MiE^io <,zmi$.2titiMmit%m 

[.0:i 1 7 ] £ ~f: mm ■(. V D D • V S S ) "W&rS&M 

fiffiis s i o fctstvc ;. -«ffiHRttiit££gteL w -f 

7^1>f-? 1 8. JEH^7*-? 1.2&tf[H]SS&i&fif 
ViDDIgat/VS SggJ: 9=5:.i>«jli^^ffilSS±^ 

m&o liz^^.wMmm.t/SM^M.iifyiii^. 
[oris] torn : mmmmt&T.n s 1 1 izts v > 
*.-»«iebh**bb±.- fi#Eiaf4aixss o 1 icts 
v vc^a 2tiKmmmmmm®&M.x/iz®®mmt 

[oi i 9] miii. &r-hcr)immm <isate 
fti-hizii, WT^^-n-fit^ csti 3] wmwti 

[0 12 0] 

[Rl 3] 

I dgate= I c] + I pen . 

= Ks' f • G 1 Vdd + K*LlmIl 
2 

[ o i 2 1 ] zzx\ & i r%n i cimr;w<ft?^sa^ 

ftHXHScm^frSr o t # (c^WSrTOBT-sb 0 , Ks ti 
HJg&iStefl^ f JiiWt«R. ci {ifiit&fi. vdd 

^b${c vd Djst v s smt omzmii&nmmfizim; 

*>LX\^h. SiimSSIpen «. -fe/K^A^^E^V S 
S*^VDDX<iVDD*^VSSfc:X-Y yf-i^-f & 



•yf-y^lSTs tC. PMOSlCiOflilSSilfcr 
VPT >yr0Ki: N MO StCi 0^$^7'/Uy»7y[51 

[0122] (HlSSvSlt-fk^Ks te. 0Ulf . m«0§&<7) 

mzx ->x-y-b i"<jw>* <y b »j x h Srffrrrsg© 

TV'S al/- v-g y^ff^V^' #y- F^X>f <yf->^ 
s JiSiK^fi^-fe^7 4 7? W>m : 3iT—?t,ztm U=5: 

v mm%nnffi®&*m.tmm<nmmtf%< x t 

-y HJx b.fc-r^. b>>*^ S i tfci 9 / 

K«oni»attfl:*te" s:»aj-r^ - t^'rs s 

V^-ofc^ 0SS?Stt-f^Ks Si7D-b^ 

fc.. * -y h U x b Izt-X b Uiffil : 
g| I dgate > Sr v- S j. U- v- 3 y D'5rfc & =3r < T ti «tV>; 
[0 1 23] 3:te t :ttt)5!e [Rl 3] ^fflWSi 
kfcJ: 9 hhfr\^>jRit>Xts^ti\2}&m&{km. 

I dgate t»»fctttt"C**.i:V^3*l^uW*4. 
[0 124]" ifc. E]K«tt-fb^Ks. LT *-y b.'J. ' 

x htftt&i&mmmzmrj^mwm<r>m&mm$:,m< 
^co^sr; n i 5 ( a ) iz^-t±mm 

mnwmt® 1 5 Tb ) e ) ic^SSffl^H 
£JB^T!ft(yTf ^ . 015; ( a ) fcjj^J: 3 fc^ #S?Jfe 

0SSA b <*mffi±lf c o Srdiy'l^-S * ISffrJLtf ifiKESS 

[0 1 2 5 ] *ra»^jSlllS& A{±V. -}jOA7Ji8fi^V 
- b' b (c«g!§it. fBj*<0A*S^*V- H e i izmwt 

y- b g 1 ^-^a^s^av- N-bcgtsa. 

W-rHuC^il^ aiTJ^^-b'vCjg^? 
iX7t^l<7)NAND-OR«^-y-bG2fc, -^TCOA 
jjUgff-tfS-ValzmmZtl. flfe^reOA^^V-b' 
vtCS^^tL. a*«W^-H s.KjfiR3^EX- 
NORy-hG3tfr^otfcv. 015 (b) (CM 
4»SW±«[lISSA£7)fiiHlRSr^-r„ 
[0126] *mi±.if&&\2\8&B^ --ti<n\-hm- 
AV-b'blcig^n. ftefircOA^^P*V-b'c i lz 

mmzti. myeiAjjwjrWs-vaizmmsn. tax 

m^ifiJ- FwtM Zflf^ 20NAND-0 
y-bG4fc. -^A^^*V-b'bt=«^5fL. 
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-Kxfc:£gi£ft£3S20NANDy-hG5fc. 
<0A^J^j5pV- Kw(c*gg|3*U ffcfrOA^SfrfrtV 

-Fx csks*!.. hjawf*^- k c o izmmztiti 

Sil3<ONAND:>-'-hG6kA>£3r-?-Cfc>). 01 5 
[01 27] 01 5 (b) tc^idfe. y-Ku<of& 

a®i "i" ■c$>hmmw3/4X'f> t ). mmm "o" 

6Itf9£ "0" ■tzW&-tinW±3S-4Xl/4=t3/ 
16Vt>6. 4fc. KUIH! "0" *>Sf£3»i (CS 
8-r«H4Qil/-4-x3-/-4-=.3/l 6T%<6. flfi^^ 

.-k,v; w, xcontt... israttL-, mmm "o" 
"i" % xjstisffl "i" "o ".iz*ti?j\m&i- 

[0128] num "o - - 1 " ^commt. mm 

i^Pf+^MOSFETcO^ v+>y\,zz.z> 
VD DSI*»/qC03«SS*3SI*U : . .KDJfcBBSKVD DISK 
W&WTWftaE&h. --4^.;«fflfl "1" "0" ^ 

is. * »/> i/x f iz&£ti&mwmm£m^xmmmc?> 
m&mm£j£*>. mm&mmzfer, x v o ©taxii v s 

[oi29] ^fcv-SM^f.; f ;* ww^^tfflv* 

TflHW* I dgate fc»W(£-*SM- **ft*«V JSC & <fc 

,[ o 1.3 o ] acviBwaewigs 1 1 mmzm 

MSBttfati" 0 * ffi **tfeiHM£JS k'V .VSiEtft 

s^st^fl&ajig s i o \,zn»hmmiM.m^mz ± 

•Jttffi£#lfcS5IKWaFF*-JBV^ «R ( VDD. • VS 
S ) ^M9S^mt\%TM S 1 2 IC*>1 ^X VD DSS^ 

v s s^c7)«ffi^iftfiA?^aj ztitz&. msmmmsm 

[0131] mi cOHM^^feV^TiaBaU^ 

traauc. assumes 02-. ssmsfs^sxg 
s o 3 Rzszmmwmxn so 4 wmiztmz'ntt^ 

■*&zkifiT*i>:. 

[ 0 1 3 2 ] dcr>J: 5 lz^ *mMMBtz J: S k . s^tr 

D-bxoma-fbtffoT^-ri) vDDji&txv s sis 
j: h wmwwmk * mm uK/uffmm- 
m*'+r% otziz. vmizn.mi> zztwx'Zz. 

I 0 1 3 3 ] IDSSJSS^Ks k U-C. S^51$ 

[oi34]i)t. 3p^jgjg®-c*i. n hmm 



mb&ztfi i x'B&. 

[0 135] x^yr-K-b^2:fflv^ct';Ur 
^T'd -y ? ^O0PS€rS^ y- h T W =3: 

[0136] (m4cr>9m&&) WT. *»W)*4W 

[0137] m3comtmmizii^xii. mmMffiziM. 
mmzfon x ^ . mmim:- mswnfmmzjs tx 
mmf£mmmz^tTztzft<i\mmz&feuttm 

SSSrfflV^^k. VDDH - VS SIgcomS^SfiSriii 

[0138] *mffi&Bi& mmommmx-mmz^ 

znm-&y}m&zs^m3i>xi-&ztizi*), msm> 
[ o 1 3.9 ] -0i 6{i*njijei|E^s. i&Jims&c*; 

WiRI-^^Srftri ifei l 3JSW2r*B&-r^. ^3- 
<«WteB»is-oaifVU:, Ki«jjB».«gfEfhfla:SS 2 0 0 v 

izn^x. iitmig s. 0 2 tfoit^sm t mm ( v d 
d ■ v s s ) •■•iMttS4*^4iiasxe s 1 0 ^atti^m t . 

•. . • ' • 

[0140] .01 7t±0 1 eitmt&mmMmmmm- 

ISS 2 0 .0cop^7o^l:^ t\ 01 7fc:^i-«fc 3 ; , -= 
13. iiffif|-»£EgS0 2cofhg:j£m£^tSIlIKS®¥'J 
STS S 2-0. 1 Ji. ElS8S^ft±i: ^ri»Sffi/s-^.F»gc7) 
h til* t flUcoy- h {fJ^J k 9 «@ k 

s . ■ ±*> ±t< >)mntti:& %>£ii vdd mzn.%.& 
mti* ttTmmmt%&i§,i!!iivssmzmszipif$. 

VDDISM««SEM®tt*XSS 2 0 2.1Z& V>T-OV 

D DSg^^&rSemtSSrlSVD D«lc«fit$^«i»l 

ffi^-^tcjs. v s smmnszwi&nMJLms 203 

s^^ixi. mmm^comimniz-arbitxwrn? * . 
[0141] MSn-3i3&!Uif?6<i:M $.>7mf 
^mzm^xj&tt>t>tiht:tb, zv^mzm^x-zmm 

5 . ^it* isiii-rs^. ^mm^imxm s 2 0 
4(cfcv^T. isiKvSS-fk^T-^ 1 9%m^x-cr>®tt 
mmt£mft'r&ffimm?<7>x-t:nmt-t&. x^msm 
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[0142H17 tzm-tv d Dmimm.m.&mimn 
m2o 2ruv s smum , m^mimJM2 o 3 iz& 
n&zwmzmi 8i:m^xmmi-i. 0i8(ini5 

* *yy&ft% 3 &mwy- h iztt-rz> v s smxu v 

DD&<73Pfi*£5pL-CV>3. @1 5fci5Wt, SSI ON 
ANDy-hGl; il«NAND-ORS^'-hG 
2. S2«NAND-ORS^y,- hG4&tf£l2C0N 
AND h G 5 li-.<OV D D|| - V S SUtf tCigWiZ 
tiX& *}\ EX^NORy-^.KG3fi.O r £53«ONA N D 

h g 6tefl&<7>vD dh •-. v s smn,zmmztLX\i 

v, .:s JI^U-'Cfc'o'CV^Kb, u' .; v , ' stfO:g- 
«{^Jt-&;b^.#i&Bi<la*•{ b , u.. • vv s } = 
{0. 1. 0. 1 <b. u. v, s) = {l. 

o, i. o} icjg^-r&fcisjrrs. cicot zcomcos 

r > :■::■::• : - v.- :. : ! ■ 

■ [0:i.*3] fi^»U»#/^Pb,?(i.;* s 

"o " * £> " i " law*** t & v b d tttarabp 

f&affl** "a " : ; o"- 'tarn t * 
v s. smzmmimtx& t {sse-t.s . -r co^ss*® 
•flrt-s-'k sjc«-. fcfcai^«tcji±ffi^^ Scorns 

VDD V S S W.0).ttX ^"f*lte*aW*8tti-* £ 
[ 0 14 4 ] £tz. M l 9 ( a ) im 1 7 -fcijcf 7* 7 
^a-OWflMEWtw^^iSr.St-C-tiOJ-Hl 9 ( b ) 

ft®Rmf^&mzmttzv-?m ; 3$. ive&tw®m 

[:o-.i'4 5] if;ir8.(.a) iz^-tXoiz. -y-Y 
b mf v «it&gffi# 0 1 \zw^-fh tz*>j - v com 

£EffiV#_h#U y- H a JkJf s {if&SHfiA* 1 01= 

w&-t htithj-v (nmsmytfTn l x \ ^ & .r t 

ftttJo-f £ J: 3 (c. II 1 8 ( b ) lz^-tE.nffi£Mi$ti 
tz K- ? «g£ I peakWffiJgiJi: £-gt3 -It . S-fiS^cO 
mc£i£^£ffifc-£-*>-£ & - lz X 0 V D DSXI1V S S 

mz$iti2>imm$iLZ*ti?tiMiii-t& . z<?>bz. v 

dd • vsssiE&^y^ttajigs 1 ocottffiism 

4tta*W«»«8Ea8Be«a^<3*6. SI 5K* 

-f^SngflcoJ&g-Cti, m ^NANDy-hG 1 % m 



l^)NAND-OR^y-NG2, SS2CDNAND- 
O Rm^f- h G 4&tfSI 2<0N AND tf— h G 5 tCciE 

[0146] &lz. mi 8 ( c ) KijrfJ: 3 tc. ^SnS 

ix. m-&tmz®ftL%^m 
mmT<ommwMt:'S#>xitm.Lxi,£ozticz<:&. 

ftcommmi-izii^xii. &*sm^xb%&bz 
ks zimnmzm t b tc«t ^t,- le^w^gBm 

[ 0 14 7] tcii. HJBSttYt^r^ 9 1 9 ii S^ii 
&Ut5:5f^ V<9->t>mt>1xhi%&tiZ\t. *<F> 

b %co&mmmT<oiiiX<vwmmz&~3^xm&-r 
h. ±fz, x*)mmcth%&\,z\i. %?<nmmmx- 

m^xn&ttitx^. ■• v- • • 

[ 0 1 4-8 ] mz. [1-1 8 ( d )• ES5ti 3 tc; :V D D 

its L-fctt . ^ 3 ommmm t if 
^ggi^fasr^tfj-r-s. . A t est 1 1 ] iz 

fc^-2.«ffi^TfiVdrop. :[»1 : 2 ] tZtSV&mftWM 
«£EVddeff-n .Rt/ [«i3 ] (cfctt^:l^6&tJ=5rM»« 
g[ I dgate. fcfflV vtTgabifei:**-?* S . ^i>;f- Cm 1' 
3] JCStiTJ: jfc:. ?B9«8g I dgate tfDBWBflcffttlii' 

mmm^co^ y^-y^mmTs izmfLx\.i&. m.^ 
X . ilSB#raA t ct)^jE$tv tS^^J^^v^fia^^ 

^>NI{^:^f^rv^, ffiEmwmmftffl&m^xummnm 
<vm%m;&z&tt^&zbiz±^x .zvimmffi. i 

dgate OB*rafl6#tt(CWJ&*-4-£ti(*T'#&-.-^r*J, 0~ 
18 (d) tCtJV^T. ^ 1 CON AND ¥— h G ICOtHiJ 

X'h & y- H u COM® co^ Sr!B L T ^, mcoMimm 

TW&Mz^^X tl»l«OMiE^^3-. - 
[0149] etOi: 3 fe, *HiS^@.tc J: I b , SJtr 

oHrXC08t$H-fli^#-5 T^t-T S V D DIHR^V.S SIS 

IfS^ff^ 3 b & tc?H«Sn£cr)®l6%:3E-fkS:*JS-rsc 
k tc J: OilSI(CJ£Ri> & - is •& . 
[0150] *3fe, V D DtaXt* V S StftfcSfl&'flfc 

§4 ( c ) m^-X{i>f y/? ^ ( D ee^-fci sjg 

tz. mmm$£<7)#Tmtm&frt>*#>z - 1 ^'t# « . 

[0151] =3rfc. *»S^®T«i. u>f r«> 
TftfOSU-^-^^^CJigff-acSrff^^^^ W 

izsMma^nmrh ztizx*), Mmmmnmsa£& 
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[oi53] (S5 nmm&m ) wt. *&emm 5 <n 
[0154102 o\i*wm%5<nmmmizi&h . 

[01551 *mt&Bm<r>ft®k LT. ilH^fclSHi 

^sl 1 4 tumtkmife^ms 1 4 1 zmx-tz - 1 

[01561 mifSOJ: 0 izffif&ZtitimmitS.m 

[.0 157 1 mam3(Dmmmmtcr>mm<r>^im-t 
. *-t*i fl»w8BH«iss.i,i (zijv^-c., mmmmmn 

¥BB*. «jS«SK;«ffl2 ltcao'v>-C, JSWM^t-T 
&IMfl3&<Z>;rI»mS5 iad (0 ) OffgSr^Sr.ofcf*, 

ns&«j®i;ffft»3iss 1.3 tefcv^T v- mmMMBf 
%^mx. -.wnsm-a co) jrtttYDDS 

-#;tf.V S S|8<^«E^£^.@:L;£SS»ttai^EVdd 

( 0 ) &tm-t& . tmmmmm&vM < 0 ) 1 1 
:3g&rms 1 dd ( l.) ^h-jilu s ^zmsmmms. 

Vdd ( 1 ) fctfJW*:. £»vt34=flWW'0rfflWt«'i 

dd ( i ) (fiL.;.-i = i ; 2; vtoMte-r*;. ) tn 

S&«aWtEVda-<-i. (flU i = 1 . 2-?'->.<0«jRfc 

-r ) bomnzmomL. u^^m^ums 1 4 

. ■ • • •■ . ' 1 ' -' v ■ 

[0 15 8] r - , -• 

im 4] 

I VddCD-Vddd-l) I Si,. 

.[0.1591 ic--c ; vdd ( i ) an MU<7>wtn>v-y 
l 1 4 *)mfeztitzmhwmm&. v*i < i - 1 > 

it ( i - 1 ) 0S<Ofm/^7-L 1 4ti>9^$il^ 

m 1 4 ] fciPlfctflttttW'-rL 1 4*>S>iMt. 
S^CH-aL^SilSffVdd ( i ) £H2fi^5@£EVdd 
eff £;-fS. 

[0160] \m. mzm swrnummizti^xwRL 
xms 0 3&T/ny>mmstnT.ms 0 4 *>j»c»i£fT 

[0161] zeolite. *mmmmtzi&t. nmz 



m%>i—7ZBi&Lxitn-?&t:if>. mmmfgiomms 
mz2L>{z[si±.z-£z>ztwx'Bh. 
[oi62] (m6<nmm&m) jut, *wm&ev> 
mmmz mmiz£-j\ ^xmm- & . 
[oi63]02i \±*m\<?>ni><rmmmtz%hm 
m®mzwhmmmttmfmmmmw#mft<n 

[0164] ^mmmcn^mt lx\ mminiss^as 
topb?*> h mmmm>ftmz&mz tix v ^ mm? 

•y ? w^tcieasii-c t Y&wwm 
T£X'<D&mm&<r>m&^&^mmz$itb&z£(zj: . 

[01651021 (C*3V>T., ?HB«2§^F:-fc t"C^ 
l«0VDD^f7 lt±^l<^VDD^7 5^S^^ 
S52CDVD D^7 2«±^2C0V D Dig 7 6lci£$££ 
fX.mi«0VSSJig^7 3 ii^ 1 P> V S Sm.7 7. ^S^; 
3it, m2<^VS SJg-^7 4(i® 2<7)VS S|g7 8izm 
&ZtlX\\&. mi(r>®8&7ri-y?.9 1.A;. ^2W|El» i 
7n >y ^ 9 -2 A-, ^3 WlUg&rc? -y ^-9 3 A&tfS^CD- 
[slK^a v ? 9 4 A{±mi C0VD D^7 5 , 35-2V39.VD' 
D^7 6^ ^I COVS S^7 7Ky^2"i7)VS S^7 8 ; 
K-eiiWffittSiiTv^ : ^ ■ -..ii-yUffyV* 

[0 1661 ^lc7)VDD|g7 5t(±. SlCOyn-y^ 
fflVDD«j!g^7 1 1. S207 , n.7?fflVDDljg: 
SS^7 L2.- «3«7'077fflVDDiM?7 1 3.^ 
IXS4 ^D'^fflV DD'tiH 7 14 fr'l&i* ^>ix; . 
m 1 COY S SWi 7 7 tCJi-.. *1 <5/n .y^fflVS S«flR^ 
Jfff- 7 3 I; ^2(0^-/ ^?fflV S smm&TT 3 2 : 
g3cO/ny?iVS S«aSS^7 3 3M»4«oyn 
•y 7fflVS Sffii!S^7 3 4^*IS»t4>nrv^?,„ V. . 

[0 1671 mmiZ. |g2<DVDD|S7 6Wi, m5CD 
7 , n>y^fflVDDmilS^? L 72 1. I6^D^fflV 
DD«f7 2 2. m7C0yo-y^ffiVDDmjISS& ; F 
7 2 3 Rt/&8<7>7v -;?fflVD D«j®3^F 7 2 4 
Whtl. ^2£7)VSS^7 8Wi, ^5c7>rD-y^fflV 
SSfiSf7 4 1 . Jg6C07 r U.y2JBVS S«MS^ 
74 2. ^7^yo-y^fflVSSmi®^Hi i 7 4 3a^ 
8^^o-y^fflVSSmi!i^F7 4 4*<i6Jt^-C^ . 

a. ■ • - . . 

[0 1 68.1 g5l<0[II8&7:n-y:7 9 lAtti sgicoy 
D-y^P"gVDDS7 9. S2c07*n y 7ftVD D^8 

o, ^l^yD-y^rtvssjgs ia^2^D-^ 

flVSSt|8 2a<f&lt£>*Vt^S. SllOVDD^7 
9. ^2«VDDgl80. ^1<0VSSS18 1&IX352 

£irLX&MZtix^z>mi<ox?>y-\ ( -t;i'9i 

1 % ^2^X^>-r-H-fe^9 1 2. f3^^yr- 
h'-fe/P9 1 3. ^4cOX^yr-KHr/t-9 1 4^A<ES 
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[0169] &i>. mi<r)®9&7n-y7 9 lAfcRi 
fc, §52cO0B7n-y;7 9 2A&t/m3<3IIJB:7o-y:7 
9 3 A^tC^-g-^rtgSKKilSitiO^.^ K-fe;U#E 

[01 70] 022 (a) U;H2 1^5p"tlfc»»OgS 
02 2 ( a ) KlfcVvC. 9 1 B 
Jim W@S&:/a -y 7 9 1 Afiomi ^fiffiSSS, 9 2B 
(im2«O0Kyn •■/? 9 2 Ac0^i[UK; 9 3 B«igl3 

ohisst'o ? 9 BrAcommmm&xs 9 4 b «3i4 

K^'n 7^94 AO^fffiUlgg^^ix^**) LT is 9 , 
1 91U3S 1 SOBS v/o >> ? <73gn cOHWEISS 9 1 B c0¥ 

^IMSS, 1 92«iSS 2 oymrfvrvt comffi®8& 9 2 
BcO^fBg^SI,' \imiim 3 <0IUS&:/n y ^cO^lHI 

»9 3 B-W9f8»*Sv? l:94li»-4.<DHI»/0 y ? tf> 

^ffliHISS 9 4 B <?>¥%ri»«S!E£ ZtiZ'iVikb LX v ^ 

. [0171] *.ti~m22 ( b ) im2 2 (a) 
^lcO@S^n-y .^«m2^^W(HlSSaT$)€. i ,ia2 2 
.( bUcfcvi-c . .9 1 cam 1 <n®d&7nv ?<nw>2<r> 

mmmffiz&fr l ±- 1 911 ' itm2 1 m 1 > 
?-r-*i>\s9 1 i^mmwM: iixumw^m 
¥-k/U9 1 : 2<n^mwamM: 1913 (i^ 3 cox 
* i^s- F-fc/l/ 9 ii 3 c^S^ffKttaS&tf 1-914 {iSB4' 
<30X^^^-h'-fe;U9 1 4^^l?gM;Ba2r^iX-rfxa 

[0 17 2] ffEOj: 

mm^mmi: mho- & tctav ?i»*gs^fi-*t«^« 

f0 1 7 3 ] H2 3S*f|HJc0Jil6c0^lim£G&Sfi 
vn+.&m LT vys . a 2 3 tcJ3 v»T s 0 2 0 1:^ L-t 

3V.. : • • : ■ ■ • ■• ■ 

[oi74] ^mtmmommb tx. 023 tc^-r j 

g£<k 0 ms&ya -y ? ,r k izM.m^h.tzimmMcomm 
imrnmzm-jK vc-?- -y r i^KomaiEf§u7>mjE^i& 

iSrff JiJ-f -S. f- -y TK/l-V DD VS SEIS^jE^ttj 
7a -y ? 1"</K0 V D D ■ V S SI&t&mE^gjfi-g^g 

[0175] 15120 <fc 9 tcffifi£§n?t:ji]lfh®3l 

mz&ifmw&^<nm.&vmmMmm<r)st»^m. 



[0 1 7 6 ] 02 3£jf;-f idle, t-f. yo-yi?K 

a?ihpbse9H9cx& s 1 1 1 tzts v *t . m y ? 

JHi: : 5rl»«^«£Et-aS«i!5«JI^ffl2 1 fc«-?n 

r , [hissed ••/ 9 rtco^-x jy-y—Y •( xi±ns^*- 
^co?g©m8gff^tt 022 ( b ) ^-rm&mm 

[ZH\^X mi OIUIfST'o -y ? 9 1 C (C*5«t 1 tfOX 

^y^-K-fe/pg 1 1 a¥*$Emsri-9ii ^2^X 

^>^->"-b;P9 1 2^^B»«g£l912 «*JWjr-- 

[o i iiy^iz. +vTv^MmmmtwjMSL. 

l 2 tioVKT ; > -y T K;t-fB9^ggH:ff#a{±. 

•y ^V^UflWW8BH-J|[*BBc J: 0*ffi«#ufcaH«a 

Mb ii.. 02 2 (a). fc^f^imS&CiS^-Z: : JB.IO;. 

»yn -y ^9 1 Bco^?«»s8g i ■w&mznmtoit- 

[o i 78] <?:tc. f^i/^vvaD-vVssisi?- 
E^Wtmigs l 2 ifci>v^., ■■•f':vir>'0t«SW 

X'<7)V D. D WMT/V S S^cOf - -y :?V*.;KD^&^Efc' 

lt coaBE^Ei&a^^ai-^i. . -y rp^/uco i 

^I6mffiffmi:<±. 022 (a=>.'t=^MHiIBtei3VV 
X , IS roHB^n <y ? 9, 1 B^^MWmm I-91^IS 
2<7)®myt!9? 9 2 B&»%TilW«-r92**fl|Vv ••. 
•C. miC0VDDi!7 5a^liOVSSH7 7^<?5S; 

[0 179]^:. /D^KMDD-'VSSffiigS 

mE^mtniMs 1 2 2izte\+x\ w-y w<jv£~ 

ifcfc. ES&^D-y^cO^aSS^^X^y^h-Hr 
^^-m^^s tOV.D DlgatXV S SH^^o -y ^ 

irX<r>mE$mm.*n&-tz>. mt 
or. /n ; y ^ v^.)u^^mmm\nb a. 922(b) 

imZ>nicr>X9>y-Y*i)\<9 l'lW%ilBMKitI 
911 ^2C7)X^>r-H-fe/k9 1 2C0^%ri»«^I 
912^*^, Sl<7)7'a y^P < gVDD|g7 9, §S1<07' 
n y ^rt V S S®8 1 ^c0S^i64$»ai-^-S> i i: tc 

[ 0 1 8 0 ] mz. Hx6«©«EltS:iSS l 3 fcfcv^ 

46, S§l<7)VDD|g7 5 S S10VSSH7 7#fcrEpjD 
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"3. &A?>?-V-tf\s9 1 1 . 9 12. 9 13. 9 1 

[.oi8i] iR^feft««iss 1 4is. mam 
5<vmw&mtm®£, imms&bmhnmm&bost 

[01821 SfiBttfcESS 0 2 . MEIgiK&ft 

^iis o 3RvmhmmamjLms 04 <?>mtzsm 
[0183] zcr>± o iz^ ffimnsz<7)mnbm%smmm 

^Q.¥?*SWt± 9im«.*ifcbyS«3rflMIIil»t:*J 

[o 1 84] *nifi^ffl.(ci>v>Tfc. &4<7>nm 

rtfiiis 1 1 Hz, mmxms o 2<r>imm%kt 
WI.VDD • vss-) iEgg^j^ttm:cas>i.oc9 

[oi85] mi<r>mmmm) ar. ^mmw>i<^> 

[ 0 1-8.6 ] ^WWBBfcfcVJTtti <SiJIIilK<c&ft& 

•- • ■• -' \- ; '.. " 

[01 87] 02 4 i£*:?£BJ!<7)Sf| 7 *ggj|ffl0BK:flt £ M 
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